Background: Silencing of a specific mRNA using double stranded RNA oligo nucleotides represents novel technologies for suppressing a specific gene product. Small interfering RNA (siRNA) are 21 nucleotides long, double stranded RNA fragments that interferes with the expression of specific genes with complementary nucleotide sequences. siRNA functions by breaking down mRNA after transcription, resulting in no translation. HER/ErbB is a family of receptors that has HER1, HER2, HER3 and HER4 as its members. Certain mutations in these receptors leads to its over expression. Amplification or over expression of these receptors has shown to play an important role in the development and progression of certain aggressive types of breast cancer, colon and gastric cancers. The SNPs in Her1 receptor were observed at first position, in HER2 at eighth position, in HER3 at first position and in HER4 at third position. Methods: siDirect is a software that enables In silico siRNA design. The parameters like GC Content and Thermodymics were considered for designing the siRNA sequences against selected mRNA sequences of HER family. The phylogram was also analyzed by constructing the mulpitle sequence alignment using Clustalw to assess the similarity between the siRNA target sequences. Results: The SNPs identified in HER1 , HER2 , HER3 , HER4 family of receptors are missense mutations, any change in nucleotide level are altering the protein sequence structure and function. The mRNA sequences with SNPs positions were submitted to the siRNA Direct 2.0. Set of possible siRNA sequences with 21 nucleotides and the positions where they are targeted. The best possible siRNA sequences were validated using online tools. Conclusion: The siRNA sequences that were identified are considered to be the best suitable for controlling the overexpression of the target mRNA sequences thereby minimizing the development of cancer.
INTRODUCTION
Gene silencing is the ability of a cell to prevent the expression of a certain gene. RNA interference (RNAi) is a post-transcriptional gene silencing process during which the expression of endogenous mRNA is blocked by introducing a double-strand RNA (dsRNA). 1 The mechanism of RNAi can be illustrated as, firstly, the Dicer enzyme binds to dsRNA cleaving it into 21~23 nucleotide fragments called short interference RNA (siRNA). The siRNA then binds to the RNA-induced silencing complex (RISC) and gets separated into the guide strand (antisense to the target mRNA) staying in the RISC, and the passenger strand (sense to the target mRNA) that is released and degraded.
2 The siRNA-RISC complex then recognizes the target mRNA with guide strand pairing up with the complementary mRNA sequence. 3 The target mRNA is cut by Ago protein, which ultimately results in an efficient inhibition of gene expression. 4 
HER FAMILY OF RECEPTORS
The HER family consists of tyrosine kinase receptors that are activated following receptor dimerization and ligand binding. The HER family consists of four structurally related receptors: HER1 (EGFR), HER2, HER3, and HER4. 5 They regulate multiple processes out of which cell cycle progression, differentiation and apoptosis are significant. Dysregulation of HER-mediated signaling pathways results in growth and spread of cancer cells. 5 HER family receptors are activated upon ligand-induced dimerization, or receptor pairing. 6 The dimer formation results in activation of its kinase domain, which leads to the activation of the MAPK proliferation pathway and/ or the PI3K. 7, 8 Inappropriate signaling usually leads to uncontrolled cell proliferation, reduced apoptosis and angiogenesis.
9-11

HER1
HER1/EGFR has an extracellular domain that can bind multiple ligands, such as EGF 12 and an intracellular kinase domain. 13 Inappropriate HER1/EGFR signaling is enhanced in cancer cells due to amplification of its gene, 12 over expression of receptors and ligands.
14-16 Dysfunctional HER1/EGFR receptors initiate downstream signaling pathways such as the PI3K, MAPK kinase, STAT3, FAK signaling pathway.
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HER2
Amplification of HER2 oncogene plays significant role in the development of certain aggressive types of breast cancer 17 and is also known to occur in ovarian and aggressive forms of uterine cancer. Although all four HER family receptors are capable of dimerizing with each other, HER2 is the preferred dimerization partner.
18 HER2-containing dimers have increased signaling potency relative to dimers that do not contain HER2.
19 HER2, when dimerized with HER3, is an activator of the PI3K signaling pathway 19 which leads to a more invasive cellular phenotype. The dimer formed by HER2 and HER1 is also of importance, particularly in ovarian cancer 20 and is the most commonly formed dimer in response to stimulation with epidermal growth factor (EGF). Its activation leads to initiation of the mitogen-activated protein kinase (MAPK) pathway.
HER3
During human development, HER3 gene(ERBB3) is expressed in skin, bone, muscle, nervous system, heart, lungs, and intestinal epithelium. 21 ErbB3 has been shown to bind the ligands heregulin and Neuregulin-1,2. HER3 lacks intrinsic tyrosine kinase activity.
22 HER2 requires HER3 in order to transform normal cells into cancer cells.
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HER3 is involved in HER2-mediated tumorigenesis through dimerization with HER2 and enables HER2 to activate the PI3K signaling pathway. 23 HER2 increases signaling potency, making the HER2:HER3 heterodimer a particularly effective initiator of PI3K.
24-27 When HER2 is targeted using a tyrosine kinase inhibitor, tumor cells can compensate by upregulating HER3 activation. HER2:HER3 heterodimers thus remain active, preserving downstream signaling pathways even in the presence of tyrosine kinase inhibition.
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HER4
HER4, like HER1/EGFR, contains both a ligandbinding domain and a tyrosine kinase domain 28 HER4 ligands include heregulin, the neuregulins, betacellulin, and epiregulin. 29, 30 One preclinical study suggests that HER3/HER4 heterodimers may be responsible for prolonged activation of mitogenassociated protein kinase (MAPK), which leads to cellular proliferation.
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MATERIALS AND METHODS
Retrieval of sequence and identification of SNPs
The SNPs in HER family receptors(one SNP for each receptor) are identified from NCBI-dbSNP. 31 Recent literature shows that these SNPs have a crucial role in cancer. The accession numbers, the Position, type of mutation, allele change, Amino acid change of these SNPs are obtained from dbSNP and are indicated in Table 1 . The SNPs are selected based on these parameters. Since dbSNP does not have mRNA sequence with SNP change, the ten reference mRNA sequences of HER family are retrieved from NCBI database and the allele changes were done manually, counting the position where the change has occurred.
Identification of the target and designing potential siRNA molecule
The mRNA sequences of HER family after allele changes are done are submitted to siDirect2. It is an siRNA designing software available online. 32 The siRNA molecules are designed using combined approach of Ui-Tei, Amarzguioui and Reynolds rules. 33 The other parameter that was applied is melting temperature (Tm) below 21.5°C for siRNA duplex. The validation of the predicted siRNA molecules was performed using an online tool called siRNA at whitehead. This gives a list of siRNA sequences for each receptor and the best sequence is selected considering the melting temeperatures and GC content.
The following steps were followed by siDirect 2.0 for designing siRNA
Step 1: Selection of Functional siRNAs Functional siRNA sequences were selected based on the algorithm used in siDirect. Three sequence parameters were considered for the selection of siRNA namely A/U at the 5′ terminus of the guide strand; G/C at the 5′ terminus of the passenger strand; at least 4 A/U residues in the 5′ terminal 7 bp of the guide strand and absence of G/C stretch longer than 9 bp. 34 The rules followed for siRNA selection are given in Table 2 .
Step 2: Reduction of off-target effects The thermodynamic stability or Tm is a key parameter to assess the off target effect of the seed target duplex. Tm was calculated using nearest neighbor model. In the present study the siRNAs having Tm below 21.5ºC for both guide and passenger strands are selected in this study. 35 Step 3: Elimination of near-perfect matched genes siDirect 2.0 was used to perform off-target search for sequence of 19-mer at positions 2-20 of both strands of the siRNA duplex, since these 19 nucleotides are predicted to be involved in the recognition of target mRNA. siRNAs that have near-perfect matches with other non-targeted transcripts were eliminated from the study. siRNA sequences that have at least two mismatches to any other non-targeted transcripts were selected. 36 The flowchart for the above said protocol is given in the Figure 1 . 32 Similarity search and target alignment Blast search 37 was performed for the siRNA sequences designed by siDirect2. This was done to identify any off target sequence similarity with non targeted sequences. This was done by applying expected thresholds value 10 and BLOSUM 62 matrix as parameter.
GC calculation
GC calculator tool was used to calculate the GC content for selected siRNA molecule.
Thermodynamics of predicted siRNA and target gene
To study the thermodynamics of interaction between predicted siRNA and target gene, RNA cofold program 38 was used. It calculates the hybridization energy and basepairing form of two RNA sequences. 
RESULT AND DISCUSSION
The SNP identified in HER1 receptor is a missense mutation that causes an amino acid substitution from Glycine to serine resulting in abnormal function of the protein. In HER 2 family at five different positions a similar Missense SNP was observed resulting in an amino acid substitution from proline to Alanine leading to structural and functional alteration of the protein. In HER3 receptor the single SNP is a missense mutation that leads to substitution of Serine to Arginine. In HER4 family at three different positions the same Missense SNP was identified that leads to substitution of proline to serine. Since all these SNPs occurring at the nucleotide level are altering the protein sequence structure and function, in the present study SiRNAs were designed for all the mRNA sequences including the SNP changes.
The mRNA sequences with SNPs at the positions listed in Table 1 were submitted to the siRNA Direct 2.0. The results obtained were a set of possible siRNA sequences with 21 nucleotides and the positions where they are targeted. The best possible siRNA sequences were chosen after performing validation. The BLAST search performed confirms that off-targeting is minimized. The GC content of the siRNA sequences is in an optimum range (as listed in Table 3 ). The RNA-RNA interactions energy is given in Table 3 which shows the list of receptors, their reference mRNA sequences, position on the mRNA sequence where the siRNA molecule is targeted, the guide and passenger sequences, GC content and free binding energy.
CONCLUSION
siRNA design enables gene silencing for many of the target genes. In the present study, the target genes that were selected belong to HER family. This family of genes includes HER receptors that have a significant role in cancer. Our computational studies resulted in designing of siRNA molecules against HER receptors. These siRNA molecules may prove to be anticancer agents and hence can be used by pharmaceutical industry for the development of new class of anticancer agents that are effective at genomic level.
